Introduction

22
Bacteria surround their cytoplasmic membrane with a net-like layer made of peptidoglycan (PG), 23 which consists of glycan chains connected by short peptides, to protect the cell from bursting while to changes in the cell's turgor. It is fascinating that this thin PG layer with its essential, stabilizing role 27 is constantly remodelled: an E. coli cell releases almost half of the material from the PG layer per 28 generation in a process called PG turnover [2] . According to a model proposed by Höltje more than 29 two decades ago [3] , the high turnover is the consequence of a 3-for-1 PG growth mechanism 30 involving the coordinated activities of synthetic and hydrolytic enzymes. Indeed, E. coli requires not 31 only PG synthesis activities to expand its PG layer during growth and cell division, but also needs the 32 activities of PG hydrolases for length growth and cell separation [4, 5] .
33
PG synthases are either glycosyltransferases (GTases), which polymerize the glycan strands, 34 transpeptidases (TPases), which form peptide cross-links, or bi-functional enzymes which catalyze 35 both reactions [6] . E. coli has three non-essential bi-functional GTase-TPases (PBP1A, PBP1B and 36 PBP1C) but requires one of the major enzymes, PBP1A and PBP1B, for growth, while PBP1C is 37 dispensable. PBP1A and PBP1B require the interaction with a cognate outer-membrane lipoprotein,
38
LpoA and LpoB, respectively, for stimulation and functioning in the cell [7] [8] [9] [10] . There is also a non-39 essential GTase (MtgA) and two TPases with specific and essential roles in cell elongation (PBP2) 40 or division (PBP3). PBP2 and PBP3 are genetically and functionally linked to a member of the SEDS across the membrane of proteoliposomes [11, 12] , whole cell assays and genetic data were used to 45 conclude that MurJ, and not RodA/FtsW, is a lipid II flippase [13] . The new crystal structure of MurJ 46 supports a transport function but does not identify the ligand [14] . Based on genetic data and assays with a partially purified B. subtilis RodA fraction it was also suggested that SEDS 
Concluding remarks
215
So far PG synthesis has been studied in the cell and with purified enzymes mainly at standard growth 216 or reaction conditions, and the seeming redundancy in the periplasmic enzymes and their regulators 217 has not been well understood. We propose here a model of dynamic and variable multi-protein 218 complexes for PG growth that will hopefully prompt PG studies at other than standard conditions. 
